Abstract. Determining injury levels for virtual characters is an important aspect of many games. For characters that are animated using simulated physics, it is possible assess injury levels based on physical properties, such as accelerations and forces. We have constructed a model for injury assessment that relates results from research on human injury response to parameters in physics-based animation systems. We describe a set of different normalized injury measures for individual body parts, which can be combined into a single measure for total injury. Our research includes a user study in which human observers rate the injury levels of physics-based characters falling from varying heights at different orientations. Results show that the correlation between our model output and perceived injury is stronger than the correlation between perceived injury and fall height (0.603 versus 0.466, respectively, with N = 1020 and p < 0.001).
Introduction
Severe physical trauma is a common ordeal for many virtual game characters. In fact, many games are designed around the concept of inflicting as much injury as possible on other characters. When such games aim for high realism, it is important that the assessment of injury is accurate.
In games that use kinematic animation systems, the possibilities for assessment are limited, because there exists no direct relation to knowledge on human injury. An example indicator could be the initial height of a character that is falling to the ground, but such a measure ignores the specific forces acting on the character during impact. In physics-based animation systems, all animation is the result of simulated physics. Specific physics-based parameters can be used to estimate injury in a way that is in line with with physical reality.
There exist several games that model physical injury of physics-based characters. An example is Stair Dismount, a game in which the goal is to inflict as much damage as possible on a character by pushing it from a staircase. However, there exist no publications that explain what parameters and thresholds are used as a basis for these models, nor are there any published studies that show if and how such models correlate with perceived injury levels.
We propose an injury assessment model for physics-based virtual characters that is based on a comprehensive set of publications on human injury response levels. Our model produces a set of normalized measures that represent injury levels for several individual body parts. No tuning is required, as all parameters are directly derived from publications on injury research. Normalization enables straightforward combination of individual measures into a single measure representing total injury. Our research includes a user study in which the output of our injury assessment model is compared to injury levels as perceived by human observers.
We believe there are several uses for our model. First, it can be used to measure injury of in-game physics-based characters; either to keep track of the overall health of the character, or to monitor the condition of specific body parts. Furthermore, we feel our measure can also be used for the development of motion controllers for physics-based characters. More specifically, our measure can be used as an optimization criterion for controllers that need to minimize physical injury, for instance while falling or blocking obstacles.
Our physics-based character model consists of rigid bodies and does not constitute tissue damage. As a result, our model is not suitable for measuring injuries such as gunshots wounds or cuts. The use of our model is limited to injuries from to collisions with large, blunt objects. Examples of such injuries are a character falling to the ground or from a staircase, a character in a vehicle hitting a wall, or a character being hit by a rock with the shape and size of a football.
The remainder of this paper is organized as follows. We start by describing related work on physics-based character animation, injury measurement, and animation perception. We then describe in detail our injury assessment model, including sources for various model parameters. Next, we present methodology and results of the user study conducted to investigate the correlation with perceived injury levels. We conclude with a discussion and pointers for future research.
Related Work
Physics-based Character Animation. After a long period of focus on datadriven animation, the topic of physics-based character animation has recently been subject to renewed interest [1] . Many recent attempts have resulted in impressive behaviors, such as flexible and robust walking control [2] , agile databased locomotion control [3] , and controllers for traversing uneven terrain [4, 5] . For an overview of relevant aspects, approaches and techniques, we refer to [6] . Physics-based animation research that explicitly deals with injury is limited, although several papers demonstrate its potential in that field [7, 8] . Parameter optimization (one possible use for our injury measure) has been shown to lead to interesting behaviors [9] [10] [11] . For example, Wang et al. [11] show how walking controllers can be made more robust by optimizing for random external perturbations.
Injury Assessment. There exists a long history of research on human injury assessment, most of which is based on statistical data from real-life injuries [12] . For the development of our measure we focus on research on injuries associated with motor-vehicle accidents. The Abbreviated Injury Scale (AIS) is a measure
